A model high-speed advanced propeller, SR-7A, was tested in the NASA Lewis 9-by 15-ft Anechoic Wind Tunnel at simulated takeoff/approach conditions of 0.2 Mach number. These tests were In support of the full-scale "Propfan Test Assessment" (PTA) flight program. Acoustic measurements were taken with fixed microphone arrays and with an axially translating microphone probe. Limited aerodynamic measurements were also taken to establish the propeller operating conditions. stream wing configurations. The propeller was run over a range of blade setting angles from 32.0' to 43.6'. tip speeds from 183 to 290 m/sec (600 to 950 ft/sec), and angles of attack from -10" to t15". The propeller alone BPF tone noise was found to increase 10 dB in the flyover plane at 15' propeller axis angle of attack. of 0.54 wing chord increased the tone noise 5 dB under the wing at 10" propeller axis angle of attack, while a similarly spaced inboard-up swept wing only increased the tone noise 2 dB.
INTRODUCTION
Modern high performance turboprop aircraft offer the promise of considerable fuel savings while still allowing for a cruise speed similar to that o f current turbofan aircraft (refs. 1 and 2). However, there is considerable concern about the potential noise generated by such aircraft, which includes both in-flight cabin noise and community noise during takeoff and landing.
This noise may be affected by propeller inflow conditions including installation effects such as propeller axis angle of attack and interactions between a wing flow field and the propeller.
Acoustic instrumentation 'in the 9-by 15-ft tunnel consisted of fixed arrays of 0.64 cm. (0.25 in.) condenser microphones on the tunnel floor, near wall, and ceiling and two similar microphones on a remotely-controlled translating microphone probe. support beams positioned 61 cm (24 in.) from the wall and were staggered at about 10" to the tunnel flow to prevent microphone wakes from impinging on downstream microphones. The translating microphone probe traversed 6.50 m (21.33 ft) which covered most of the 8.2 m (27 ft) length of the treated test section. The translating probe measured noise which would correspond to an observer located below an aircraft during a level flyover. The fixed near wall microphone array measured noise "above the aircraft" while the fixed floor and ceiling microphone arrays measured horizontal sideline noise. The acoustic signals were recorded on magnetic tape for later constant-bandwidth analysis (25 Hz bandwidth for the fixed microphones, 20 Hz bandwidth for the transversing microphone). Limited aerodynamic instrumentation was also provided to establish the propeller operating conditions. The fixed microphone arrays were mounted on wooden Figure 1 is a photograph of the SR-7A propeller installed in the 9-by 15-ft tunnel. The acoustic instrumentation is clearly seen in this picture. The SR-7A propeller was powered by an air turbine drive system. support structure for the propeller extended between the tunnel floor and ceiling as shown in figure 1. This structure was mounted on a turntable which provided for remote positioning of the propeller axis to angle of attack in the horizontal plane. Figure 2 is a plan view of the propeller installation in the 9-by 15-ft tunnel. downstream, and a positive angle of attack was denoted as being toward the near wall fixed microphone array.
The The propeller rotated in a clockwise direction looking
The SR-7A propeller is an aeroelastic scale model of the SR-7L propeller which is to fly on a modified Gulfstream I1 aircraft. Cruise design parameters for this propeller are presented in table I. The data presented in this paper are for the takeoff/approach condition at 0.2 Mach. llDesign'l values used at this airspeed were a blade angle of 37.8' and a blade tip speed of 244 m/sec (800 ft/sec). This gives a nominal takeoff advance ratio of 0.89 and power coefficient of 0.85. The SR-7A propeller is aerodynamically similar to the model SR-3 propeller. Reference 5 gives detailed aerodynamic results for SR-3 a t f l i g h t speeds of 0.10 t o 0.34 Mach i n t h e NASA Lewis 10-by 1 0 -f t Wind Tunnel. Reference 6 explores the design advantages o f blade sweep i n t h e SR-7A propel 1 e r . F i g u r e 1 shows a s t r a i g h t wing i n s t a l l e d downstream o f t h e p r o p e l l e r . Three wing sets were i n s t a l l e d downstream o f t h e SR-7A p r o p e l l e r t o i n v e s t i g a t e t h e acoustic e f f e c t s o f propeller-wing i n t e r a c t i o n . A s t r a i g h t wing and two 30" swept wings using the s u p e r c r i t i c a l a i r f o i l s e c t i o n o f reference 7 were made f o r these t e s t s . The two swept wings simulated inboard-up and inboarddown i n s t a l l a t i o n s . The s t r a i g h t wing chord was 0.61 m 
Table I 1 presents t h e m a t r i x o f t e s t conditions used i n t h i s i n v e s t i g a t i o n .

RESULTS AND DISCUSSION
A l l t e s t s were performed a t 0.20 Mach number. Limited aerodynamic r e s u l t s a r e presented t o e s t a b l i s h the p r o p e l l e r operating conditions. r e s u l t s show how t h e p r o p e l l e r noise i s a f f e c t e d by angle o f attack, blade angle, t i p speed, and wing i n s t a l l a t i o n . The broadband noise content in the total spectra is further illustrated in figure 6 which shows the SPL spectra for several propeller tip speeds for the 90" floor microphone. Again, the windmill spectrum is superimposed on each of these spectra to indicate background noise levels. clearly shown to become a significant part of the spectra at higher speeds.
The broadband noise is
Axial tone directivity. -The translating microphone probe provided surveys of the acoustic field from about 25" to 140" relative to the propeller inflow centerline. All of the translating probe results presented in this paper are for the inner microphone, which was located 1.68 m (5.5 ft) from the propeller axis at 0" propeller axis angle of attack. As mentioned, the microphone probe results simulate an observer directly beneath a propeller flyover.
In the wind tunnel the propeller axis rotated away from the probe in the horizontal plane at positive angle of attack. This asymmetry of the noise field is further explored in figure 9 which shows the circumferential distribution of the fundamental tone level at the propeller plane. Note the symmetry in tone level at 0" propeller axis angle of attack. The BPF tone level at the near wall microphone (above the propeller in a flyover) i s seen to behave in an opposite manner to that at the translating microphone probe. That is, tone increases at the translating microphone are accompanied by decreases at the 180' opposing location on the near wall. The results for the floor and ceiling microphones which were located in the propeller plane at 0" propeller angle of attack support these trends. the azimuthal increases in the directivity pattern at angle of attack are skewed toward the floor side. Figure 14 shows the effect of wing installation on the fundamental tone levels as measured by the translating microphone probe as would be measured by an observer below an aircraft. installed at their minimum spacings and the propeller was operated at takeoff design conditions. There was 0" propeller droop, that is, the wing chord line was parallel with the propeller shaft axis. there is a small tone increase associated with the straight and swept-inboard down wing configurations near the propeller plane.
The wings were
At 0" angle of attack ( fig. 14(a) ) However, at 10" angle of attack ( fig. 14(b) ) there is a definite tone level increase associated wlth'the presence of wings. shown for the straight wing, with nearly that much increase for the inboarddown swept wing. The inboard-up swept wing showed only a 2 dB tone increase near the propeller plane. wing upwash is minimized with inboard-up operation, and this is supported by the acoustic results of figure 14(b) . Reference 7 likewise noted there was increased drag associated with inboard-down wing installation. Wing spacing effect. -The effects of propeller-wing spacing is of concern due to structure and weight penalties associated with greater spacing. 
However, with increasing angle of attack the pressure dis-
SUMMARY OF RESULTS
A single rotation model turboprop, SR-7A was acoustically tested at simulated takeoff/approach conditions (0.2 Mach) in the NASA Lewis 9x15 anechoic wind tunnel. The propeller was tested with a wing in three tractor configurations (straight, 30" swept, inboard up propeller rotation, and 30" swept, inboard down propeller rotation). The propeller was operated at several tip speeds, blade setting angles, and angles of attack. The following significant results were observed in this study: 1. The maximum tone noise along a 1.68 m (5.5 ft) translating microphone survey (corresponding to an observer directly below an aircraft flyover) increased in a regular manner with propeller angle of attack when the propeller axis rotated away from the translatlng probe (posltive angle of attack). 10 dB maximum tone increase was observed at 15" angle of attack. of 5 dB was observed at the same location when the model was rotated to a -10" angle of attack toward the translating probe. Corresponding opposite effects were observed at the fixed microphones whlch were located on the tunnel wall on the opposite side of the model fromthe translating probe (i.e., increases at the probe were accompanied by decreases at the fixed microphones). attack induced blade loading is the cause of this noise asymnetry.
Angle of
The circumferential tone noise distribution with angle of attack shows an angular shift (I.e., rotation of pattern) from what would be produced if the noise generation instantaneously followed changes in circumferential blade loading (quasi-steady response). Thls shift is thought to be due phase shifts associated with the actual blade response to unsteady changes in blade loading.
3. The sound pressure l e v e l spectra show considerable broadband n o i s e content -* e s p e c i a l l y a t h l g h e r blade t i p speeds.
Downstream wings a t 0.5 chord spacings ( p i t c h change a x i s t o wing lead-
i n g edge) produce no tone increase a t 0" angle o f a t t a c k . a t t a c k t h e s t r a i g h t wing o n l y produces a 2 dB tone increase. 
